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Abstract
The radial evolution of the power spectra of the MRD turbulence
within the trailing edge of high speed streams in the solar wind has
been investigated with the magnetic field data of Helios 1 and 2 for
heliocentric distances betwten 0.1 and 0.9 AU. In the analysed frequen-
cy range (2.8 • 10-G — 8.3 • I0-2 Hz) the computed spectra have, near
the Earth, values of the spe(Lral index close to that predicted for a-i
incompressible hydromagnetic turbulence in a stationary state. Ap-
proaching the Sun the spectral slope remains unchanged for frequencies
f ?, 10-2Hz,whereas at lower frequencies we find a clear evolution toward
a less steep falloff with frequency. The radial gradient of the power in
Alfvenic fluctua, ioi:s depends on frequency and it increases upon increas
ing frequency. For frequencies f ` ; 10-211z, however, the radial gradient
remains approximately the same. A discussion of possible theoretical
implications of the obecrvational futures panted out is given.
1. introduction
Studies of power spectra of interplanetary Alfvfnic turbulence date
back to the discovery that this type of fluctuations is an important
feature (if the solar wind state (Coleman. 1960; Belcher and Davis. 1971).
in particular present in the trailing edges of high speed streams. The
early analysis of Coleman (1968) led to values of the spectral index of
the power spectrum around 1.2 in the frequency :rage (1 • 10-4 . IA
It)-1 )Hz and first gave a discuss;:in of these observations in terms of
hydromagnetic turbulence theory.. In Belcher and Davis' work we find
values of the spectral index between 1.5 and 2.2 in the froquency range
(1.5 • to 4 . 4 • 10 2 )Hz. These and other works on the power spectrum
of Mlin fluctuations in the soar wind were put together by Russell
(1972) who obtained and discussed a composite spectrum of this turbu-
lence in the	 . rang(1 • 10 6 — 1)Hx.
Other subsequent works, taking into account data at different
heliocentric diatances (for example using Pioneer l0 and 11 and Mariner
10 data), (Blake and Belcher, 1974; Behannon and Sari, 1977), have also
considered his. 31ifferent features of these fluctuations vary with
distat,ce from the Sun. These results are reviewed in Bohannon (1978).
Most of these analyses were however considering long periods of obser-
vations referring to different solar wind regions and hence not nes:es-
sarily homogeneous in rele t ion to turbulence properties, i.e. affected
also by
 perturbations other than the Alf.vdnic type.
More rerently. the Helios interplanetary nission has allnwed to
study solar wind properties and their variations between the E'arth's
orbit and 0.3 AU. In pat t icular, a very recent work by hensk,a t n.nd
Neuh:aucr (1981), analyzing long periods of data containing hydr( ,v.nAnet-
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is turbulence, has indicated a quits interesting feature of the power
spectrum. This is a variation of the spectral index of the power
spectrum from values of owl at 0.29 AV to values of wl.6 at 1 AUs in
the overall frequency csnge considered (from 2.4 - 10 -5 lis to 1.3 - 16-2
Hz).
In this paper we present soma new results on the power spectrum,
also based on Helios 1 and 2 data, which further ext6nd the work of
Denskat and Neubauer.
The present analysis is different from theirs in two respects. The
first is that it is based on period* as homogeneous as possible as far
as the turbulence properties are concerned. In particular, we refer to
periods of hydromagnetic fluctuations in the trailing edge of the sea*
solar wind stream as seen by Helios 2 at three different heliocentric
distances. We also include a period :,f Helios 1 data, on the same stream,
at yet another distance and in a configuration where, at a given time,
the two spacecraft were aligned on the same spiral magnetic field line
(Yillante, 1980). With our choice of periods we want to look at essen-
tially the same turbulent region at different distances from the Sun.
The second point of difference with respect to the analysis of Denskat
and Neubauer (1981) is that, at each distance from the Sun, we perform
a statistical study of the power spectrum differentiating between dif-
ferent frequency bands. As we will aee, this will allow us to establish
that a spectral index variation between 0.3 andl AU is actually occur-
ing only for the low frequency region of the spectrum (frequencies f,4C
lu	 ti?) whereas the higher frequencies (up to f - 8.3 - 10	 Hzjwhich
corresponds to the 69. resolution of the data we have used) do not show
any spectral index variations in the range of heliocentric distances
covered by the data.
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These results are on the ease line of others we have recently
obtained for differAt statistical properties of M fluctuations
between 0.3 and i AU (16swassano at a1,., Me). There we found that the
radial gradients of several quantities, as poorer in the fluctuations,
anisotropy in the plane perpendicular to the minimum variance direction,
to depend from frequency but do not vary any more in the range of high
frequencies.
in Sect. 2 of this paper we give a description of the analysis
which has been performed. Sect. 3 contains our results on the power
spectra of hydromagnetic fluctuations. The theoretical problems raised
by these observations will be stated and discussed in Sect. 4.
2. Data analysis
For a description of the Helios orbits and the GSFC —University of
Rome magnetometer experiment we refer the reader to Porscue (1977) and
Sce.arce et al. (1975) respectively.
The period s considered in this analysis, their heliographic distance
and latitude, their width in longitude are listed in Table 1 (where we
give also the average field intensity and the corresponding proton
gyrofrequency). The first three refer to Helios 2 data and are in the
trailing edge of a high velocity stream observed by the spacecraft
during three successive solar rotations at different distances from the
Sun (0.87 AU, 0.65 AU and 0.29 AU respectively). The different durationo
of these periods we.:- chosen in such a way that (taking into account
the different rotational velocity of the Sun as seen from Helios)
during each of them the spacecraft observes the same angular extent in
3
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terser of heliographic longitude. Previous analyses (Mvessamo at ai.
k
1981a and b) have already established the homogeneity of chess periods
in their hydronagnetic fluctuation content and have been directed to a
study of the polarisation properties of the fluctuations and statistical
1	 properties other than power spectra analysis. La the second of the
4
periods of Table 1 An opportunity to investigate the radial evolution of
the turbulence in such a situation that slow temporal variations and
heliographic latitude dependence cannot affect the results was offered
by a favourable location of Helios 1 and Helios 2 spacecraft. which in
this period were almost aligned along spiral magnetic field lines, at
a distance from the Sun of 0.41 AU +end 0.65 AU respectively and with a
latitudinal separation of a few tenths of degrees (Villante, 1980). A
period of Helios 1 data was therefore included in the analysis as
indicated in Table 1. ThAI A was taken to correspond to that of Helios 2
in the sense of an equal angular extent in longitude and equal longitu-
dinal separation from the end of the speed increase at the stream
front.
Our estimates of the power spectra are obtained on the basis of 3h
periods of 6s field averages through the usual technique of the cosine
transform of the estimated correlation function (Blackman and Tukey,
1958). In each 3h period we obtain 300 estimates of the power spectrum,]
for all field components and the field magnitude, in the overall fre-
quency range (2.8 • 10 4 — 8.3 - 10-2 )Hz. This is therefore more
extended in the high frequencies and less extended at low frequencies
than the range of the recent analysis of Denskat and Neubauer (1981)
- G	 -2	 A
(from 2.4 • 10 'Hz to 1.3 • 10	 Hz).
Data gaps have beer	 led by linear interpolating the data imme-
diately preceeding and following the gap. however the power spectrum
a. 4
has not been evaluated when missing data overcome a given treshold.
gvaluation of noise sources (quentisation and instrument noise)
sh3ws that in the time intervals of interest the spectral densities of
the magnetic field components exceed the estimated noise level in all
the analysed frequency range.
We have not attempted to separate the effect of static vtructures
in the periods analyzed. Tt must however be remarked that the analysis
of Bavassano et al. (1981b), referring to the same periods used in this
study, has shown that the fluctuations verify quite strictly the condi-
tion i2 • const (8 being the total magnetic field) and can be considered
as a mixture of purely perpendicular A1fvinic modes (rotational dis-
continuities would of course fit into this class) and modes which also
contain a fluctuating component parallel to the average field. As foe
tangential discontinuities. of which some are certainly present in our
data sample, we will discuss later their influence, if any, on our re-
sults.
3. Observational Results
In Fig ,. 1 we show average power spectra for magnetic fluctuations
at the four different distances from the Sun quoted previously. Fig. la
gives the total spectral density in components P
C
(f) (trace of the power
spectral matrix), whereas Fig. lb refers to the spectra P B (f) of fluct-
uations in field magnitude. The spectra which are plotted (one for each
distance) are obtained by averaging, for each frequency. thQ values (at
that frequency) obtained in all the calculated spectra at that distance.
Individual spectra would show a similar behaviour with respect to the
i
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curves reproduced in Fig. Is and lb with however more random fluctua-
tions superimposed. 'Vo would note that our values for spectral densities
satistactorely fit with those by previous investigations at similar fre-
quency and heliocentric distance ranges (see review by Bohannon, 1979).
The smoothing out operated by the averaging procedure makes more evident
some general features. The most noticeable of these, looking at the
spectra of total power of Fig. la, is the fact that, at small distances
from the Sun, there is a clear flattening of the spectra in the low fre-
quency region. This flattening decreases and then disappears for in-
creasing distance from the Sun, the curves referring to distances of
0.65 and 0.87 AU being to a good approximation represented by straight
lines (in the log-log scale) in all the frequency range considered.
Variations of the power spectra slopes with frequency are also
recognizable in Fig. lb referring to the compressible component of the
fluctuations. As this component is very small (in comparison with total
power), we limit ourselves here to the observation that the quite dif-
ferent behaviour of the cur,• :,-s for PO with re,nect to those of P8 is
indicative of the different nature of the compressible turbulent com-
pone:it. In the rest of the paper, although reporting some results also
on fluctuations of field magnitude, we will concentrate especially on
the spectra of total power, i.e. essentially the spectra of incompress-
ible MHD fluctuations.
As usual, the power spectra obtained from the data for the magnetic
field components are fitted to a power law P 0 f-a thus leading to a
determination of the spectral index a. Doing that (for any magnetic
romr,inent) for ,311 our frequency range (2.8 • 10 	 Hz-- 8.3 • 10	 Hz)
we found only a slow variation of a with heliocentric distance, its
average value going from ti 1.65 at 0.87 AU to ti 1.5 at 0.29 AU. This
is in apparent contrast with the findings of Denskat and N euheunr(1981)
who found in their frequency range (2.4 . 10 5 H — 1.3 . 10 2Hz) a varia-
E:.
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tion of a from values tii.6 of 1 AV to values % 1 at 0.29 A0.
However, as it is already clear from time ssasfimstion of tko curves in
lit. la, if we evaluate our spectral expewmt dividing our froqu mcy
range in two intervals, the first from 2.8 - 1074 Be (our lowest tre-
quency) to 1.3 • 10-2 Hs (the high frequency limit of the computation
by Den skat and Neubauer) and the secand from 1.3 • 10-2 Na to 0.3 . 10-2 Hz
(our highest frequency), we obtain for the low frequency band oseential-
ly the ssme result of Denskat and Neubauer, whereas for the high fre-
quency band we have a ti 1.7 quite independently from heliocentric
distance. In o0er words. there is a radial variation of the spectral
index depending from the frequency range and it is worthed to precise
more carefully this dependence from the data.
For this we divided our overall frequency range into the intervals
indicated in the first column of Table 2. The choice of these was
made	 after several te%ts, with the criteria of obtai*ing both a
sufficiently good resolution in frequency and a relatively sosall un-
certainty in the determination of the spectral exponent. As seen from
the Table, the frequency width of the intervals is different and in-
creases in the high frequency bandi, because at high frequencies the
spectral index does not vary much with frequency (and thus we do not
need a high resolution) while it does in the lour frequency range.
For each of the computed power spectra the opectral index a was
determined separately for the four frequency bands. Fig. 2 gives, at
the various distances from tha Sun, the distributions of the values
of a for the z component of the fluctuations (in SE coordinates),
the corresponding average values for each histograms being indicated
by arrows. Following the histograms of a given column we obtain the
variation of the spectral index distribution with distance for a given
frequency band. It is then clearly seen that, for the lower frequency
7
rintervals. in spite of a partial overlapping of the distribationa, there
is a real shift of the histograms of a with distance. In the first
band for example,(2.8 • 1074 Hs— 2.3 • 10-3 Ils)swe+ start at 1.29 AV
with a distribution roughly centered around 1 (bottom of first colown)
and arrive near the Earth with a distribution shifted around 1.3 (top).
Fig. 2 clearly shows also that this trend of variation disappears for
the higher frequenc y bands. The same type of results * i.e. a definite
radialgradient of the spectral index in the low frequency band and no
4
variation for the higher frequencies, is also obtai.ed from the analysis
of the power spectra of the other components of the fluctuations. The
average values of a as a function of frequency band and distance
from the Sun have been reported in Table 2 (which also contains the
spectral index values for PB(f)).
Looking at the Table numbers we see that the deviations of a from
the average values are of the same order of the varirtions of the ave-
rages with distance in the kw:, loweat frequency bands. However, as
seen from the histograms of Fig. 2, the variations of the average a
values that we are talking about are very coherent and all in the same
direction (see also the following Fig.. 3) so tnat we are led to believe
that the variation with frequency of the radial gradients of the
spectral index a is significant.
A comprehensive view of the variation of the spectral index with
frequency and heliocentric distance is shown in the drawing of Fig. 3,
where we give a schematic representation of the average decrease with
frequency of the spectral density for each of the four ensembles of
power spectra obtained at the four heliocentric distances considered.
Using for the spectral exponent the average values of Table 2, we have
drawn, for the y component, an average spectrum by arbitrarly taking
equal to 10  the spectral density at the low freguasey limit of our
range and scaling with the froguewy in the diftereat bands so dw basis
of the correspon4inS spectral exponents. liitb these curves we haw only
the ai• to give simple drawings showing the spectral isdas ad its
variation with frequency and distartag the values of tho power density
being completely arbitrary. it can be soon that the resulting spectra
display a coherent variation with frequency and heliocentric distance.
Near the Earth (lower curve) the overall spectrum shoes an almost linear
decrease with increasing frequency (in a log-log scale) with a spectral
index close to 1.6 -1.7, whereas approaching the gun (upper curves) the
slope is decreasing for decreasing frequency.
There is therefore an evolution of the power spectral index from
0.24 AU tc 0.87 AU for the low frequencies (f/,* 10
-2
 Hs) whereas for
higher frequencies (f ;b 10 -2
 Hz) there seems to be essentially no
variation. It should be noted that we found this type of variation also
between the almost contemporary observations of Helios 1 at 0.41 AU and
Helios 2 at 0.65 AU at the same heliographic latitude. This allows to
exclude the possibility that changes in the spectrum are due to a slow
evolution of the turbulence or to a dependence from heliographic latitude.
Finally we have evaluated, for each of the computed spectra, the
average power density in each of the four frequency bands and looked for
their radial gradient. In Fig. 4 we have plotted the mean values, for
each distance and frequency band, of S
C
, average power density in the
magnetic iield .,components (Fig. 4a) ' and of S 8 , average power density in
the field magnitude (Fig. 4b). Obviously the variation of the radial
gradients of SO with frequency, seen in Fig. 4a, is related to the
behaviour of the spectral index discussed before. In our lowest frequency
band it is found that SO scales with distance about as r_ 3 . This
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corresponds to having 682/ < '> 2 . aemat for those frequencies which,
in the heliocentric rouge considered. represents and additional
damping of the fluctuations with distance with respect to the variation
corresponding to geometric optics propagation ( 6B2 scaling as ti J2.9
(Yil1ante. 1980)). Notice that this same dependence of 80 ( ti r-3) would
be found also	 considering the average power in all our frequency
range (on account of the greater weight of the low frequencies) in agree-
ment with previous results of Bohannon and Sari (1977) in the range
(0.5 - 1 ) AU with Mariner 10 data. On the other hand we see from Fig.
4a that the radial variation of 30
 referred to the higher frequency
bands shows ate aer gradients. For frequencies Q.0 10-2
 Hz these radial
gradients remain the same and correspond to a fall off of ,.r -4 with
radius.
For the compressible part of the fluctuations (Fig. 4b) the
variation with frequency and radius is quite different than for SC.
indicating, as already seen from the power spectra ' the quite different
nature of this turbulent component with respect to the dominant in-
compressible part.
Finally the results of Fig. 4 agree with the ones obtained in a
recent different type of work (Bavassano et gal., 1981a), where a
minimum variance analysis was done on the came set of data using dif-.
ferent time basis for the statistics and, hence, for increasing time
basis, +.ncluding lower and lower frequencies in the samples. There a
similar variation of radial gradients with frequency was found also
for other parameters characterizing the fluctuations and, in particular,
for their anisotropy in the plane perpendicular to the minimum variance
direction. Our findings agree also with those of a recent work of
Villante and Vellante (1981), which investigated, in various frequency
10
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ranges, if the obser : %,4 gradients in wave ampl nudes were consistent *
those expected fras an undasi ►ed or from a saturated wave we prowl
4. Discussi,a,n
The essential feature of the above results is that they show a
radial evolution of the power spectrum between 0.29 and 0.87 AU which
precise the findings of Denskat and Neubauer (1981) by indicating that
such evolution occurs only for the low frequency part of the spectrum
(f4 10 2 Hz) and is absent for higher frequencies. Although our sample 	 f
did possibly contain some tangential discontinuities, we believe that
the derived features reflect properties of the Alfvinic fluctuations.
There are several arguments to support this view. The first is that one
of the conclusions of earlier work on magnetic power spectra (Siscoe et
al., 1968; Fisk and Sari, 1973), attempting to separate the contribution
of directional discontinuities from that of MHD fluctuations., -was that
the spectrum is dominated by such discontinuities only in the very low
frequency region (3 • 10 J — 3 • 10 4 Hz), which is below our low fre-
quency limit. Besides, from a simple model of directional discontinuities
(Siscoe et al., 1968), one expects in our frequency range an f -2 behaviour
of the spectral puwer due to discontinuities for observed values of their
occurrence rate. The valwesof a that we found (ot 4 1.7) throughout
our frequency range are instead typical of an MHD spectrum. It seems
.ore that the two main features of our results, i.e. radial
:ions of both average power density and spectral index which are
>ncy dependent. should be discussed in terms of properties of MHD
ence in the solar wind.
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Let us firstdiscuss spectral index variations. Midst of the valkAes of d
r
which we fled in all our frequency range near the tarth's orbit sad for
frequencies f ^ 10 2 On also at the other distances are in the iaterval
1.65 + 0.15. close to the theoretical value a - 1.5 predicted by
Kraichnan (1965) for the inertial range of incompressible MHO turbulence
i ►i the stationary state (but also consistent vith the Kolmogoroff 5/5
value for hydrodynamic turbulence).
On the other hand, in the low frequency part of our range (2.8 - 10-4
— 2.5 , 10-3 NO we find values of a around 1 (a ti 0.9 + 0.2) at
0.29 AU and evolving toward the value 1.6 only upon approaching the
Earth's orbit. A natural possibility to discuss is that the evolution
is caused by non linear interactions still occurring in this low fre-
quency part of the spectrum. Non linear interactions in Alfvdnic turb-
ulence. as shown in Dobrowolny et &I. (1980a). occur br' 
_,n modes pro-
pagating in opposite directions with respect to the background magnetic
field. Observations at 1 AU have reveatedly shown however (Belcher and
Davis, 1971; Barnes. 1979) that most of the power is in waves of only
one type. The same seems to be true also for the Helios data at the
distances of closest approach to the Sun as it appears from the analysis
of Denskat and Neubauer (1981) who selected data on the basis of definite
and high correlation between velocity and magnetic field fluctuations
kimplying the dominance of only one type of waves). This is also actually
confirmed by the fact that. 48 found here, fluctuations in field
nia finitude are very small and these fluctuations (Dobrowolny et alai
19800) also depend from a non linear interaction between Alfvfnic modes
of opposite type.
Although from these arguments we must conclude that non linear
interactions are quite weak, a future task of investigation should be
12
that of having a quantitative evaluatim of such lnteraetio+, and also
r
that of investigati4 the effect of the dull oo"Weesi ►le part of the
fluctuations on the daainant Alfvinie part.
Let us now consider the evolution of power in Alfvsnic fluctuatioi
with distance ( see Fig. 4a). Our findings here (which are related to V
evolution of the spectral index) are that the radial gradient of such
power depends from frequency and it increases upon increasing frequency
For frequencies f ;b 10-2 Ns, however, the radial gradients seew to
remain the same. This is in contrast with present ideas (see Eloliwegf11
and Barnes, 1979afor reviews) on propagation of Alfvinic turbulence
in the solar wind. Such propagation is usually described in the framew
of geometric optics in which case, hnnrever, the radial gradients would
not depend fr.lm frequency. Indeed, if we compare with the geometric
optics approximation, which gives roughly a dependence % r-2.8 for
6B2
 in the range of distances considered (Villants, 1980), we find
disagreement in all frequency bands considered and the disagreement in-
creases with increasing frequency ( see the ti r_4
 dependence for
f ^ 10-2 Ha).
it is very instructive to use our spectral analysis to obtain
c-ssontially the scale of the radial gradients as a function of frequency.
This is done in Fig. 5 where we have reported. as function of frequency,
the length Acorresponding to a damping in power levels of a factor e2.
The points in the figure are smoothed averages of the damping length
values as oitained by evaluating, for every frequency, from the power
densities of the average spectra of Fig. la, the additional reduction
of the fluctuations with respect to the variation expected for
geometric optics propagation (Hollweg, 1978). The solid line is only
drawn to better visualize the variation of the damping length A with
13
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Fw^
frequ,sucy. The value of A remains ptsetiaally Owl I I  at 1104IM ties
f 14 10-2 Ns. uncertainties in i are of the order of lsx.
rats chows (own more clearly than the evolution of 
I  
iM Pis. 4a)
that 'in order to interpret these results we seem to nets a soc aniso
of damping increasing with frequency but flattening for frequencies
f ;O 10
-2 
Hs. As the present understanding of Aifvin waves (lleliweg
1975. Barnes 1979) is one where negligible duping mochanisms (both
collisional and collisionless) are present. it some that even on this
point our observations open a not obvious theoretical problem.
Theoretical work is presently under progress to explain the ob-
servational features of power spectra we have pointed out here.
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(1) (2) (3) (4)
f (Hz)
2'8 10 4 -2.5 . 10_ 3
_
2.5 . 10_3- 10 10 2- 3 . 10_2 3 . 10-? 8.3.10 2R(AU)
0.87 t.60 1 0.26 1.66 + 0.24 1.71	 ± 0.36 1.67 z	 0.21
h 0.65 1.32 t	 0.22 1.62 t	 0.19 1.55 t	 0.27 1.81 t 0.20
XSE
0.41 1.22 t	 0.25 1.45 ! v.24 1.63 ! 0.25 1.69 ± 0.18
0.29 0.84	 ±.	 0.25 1.25 ! 0.29 1.61 t 0.22 1.72 ± 0.20
0.87 1.59 i 0.30 1.63 t	 0.19 1.82 ± 0.20 1.78 ±	 0.24
0.65 1.32 !
	 0.35 1.68 !	 0.23 1.72 t	 0.26 1.74	 +	 0.19
BYSE
0.41 1.13 ±	 0.34 1.41	 !	 0.16 1.62 ±	 0.24 1.78 ±	 0.11
0.29 0.89 t 0.23 1.r::	 ±	 0.27 1.73 ! 0.22 1.77 3	 0.19
0.87 1.52	 t	 0.19 1.66 ±	 0.21 1.64 t 0.29 1.70 t	 0.25
0.65 1. 16	 +	 0.21 1.65	 !	 0.31 1.53 ±	 0.15 1.82 t	 0.17B
ZSE
0.41 1.19 t
	 0.16 1.45 '	 0.20 1.56 ±	 0.18 1.78 ±	 0.12
0.29 0.95 1	 0.23 1.32 '	 0.26 1.69 f 0.22 1.77	 0.20
0.97 1.81	 ±	 0.22 1.33 !	 0.40 1.25 3	 0.26 0.73	 0.38
0.65 1.79	 t	 7 ,.22 1.35 t	 0.31 0.78 t 0.37 0.56 t	 0.23B
0.41 1.57	 ±	 0.31 1.17 ±	 0.39 0.75 ± 0.39 0.50 t 0.28
0.29 1.51	 t	 0.37 0.96 1	 0.34 0.59 *- 0.22 0.28 t	 0.19
'Fable 2 - Mean values and deviations, as function of distance and frequency
band, of the spectral index a for the magnetic field Si' components
and magnitude.
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Figure 1 - Average spectral densities, at the heliocentric distances
given by R. of: (a) total power in components P c (f) (trace of
power spectral matrix), (b) power in field magnitude P (f).
•
H1 and 112 are for Helios 1 and Helios 2 respectively.
Figure 2 - Histograms of the values of the spectral index o in differ-
ent frequency bands (as given at the bottom) for the 3 Z8
component. Arrows indicate the corresponding average values.
H1 and H2 are for Helios 1 and Helios 2 respectively. R is
the heliocentric distance, N the percentage of cases.
Figure 3 - Average falloff with frequency of the power density in the
different frequency bands for the B YSE component. Power
densities are in arbitrary units. Each curve refers to a
different heliocentric distance R. H1 and H2 are for Helios
1 and Helios 2 respectively.
Figure 4 - Variation with the heliocentric distance R. in different
frequency - bands, of: (a) average power density in the
magnetic field components S
C
, (b) average power density in
field magnitude S g . NumberN (1) to (4) indicate the frequency
bands as labelled in Table 2 from low to high frequencies.
For each curve we also give the slope of the corresponding
best fit straight line.
Figure 5 - Damping length a vs. frequency f. The smoothed curve is
drawn only to better visualize the variation of A.
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